A factorial experiment in completely randomized design with three (3) replications was employed in this study. Gravel was partially substituted with two (2) kinds of pulverized solid waste materials at three (3) levels of substitutions: 15% (LS2) and 30% (LS3) and 45% (LS4). This study had a total of twelve (12) experimental treatment combinations to include a control treatment (LS1 with 0 partial substitution) for purposes of comparison. The results of this study generally showed that the partial substitution of pulverized solid waste material for gravel significantly lowered the flexural and compressive strengths of concrete tiles. The concrete tiles with 15% (LS2) partial substitution had the highest average flexural and compressive strengths, while the tiles with 45% (LS4) partial substitution had the lowest average values. As to the type of solid waste material, the study revealed that the concrete tiles with pulverized clear-plastic solid waste materials had numerically higher flexural and compressive strengths than those concrete tiles with pulverized aluminized plastic solid waste material for gravel. The researchers concluded that the partial substitution of pulverized solid waste materials for gravel significantly lowered the flexural and compressive strengths of the concrete tiles.
Introduction
Rapid increase of population contributes to the increase of pollution in a large proportion. The affluent lifestyle brought about by modernization and development heightens the problem of solid waste management. Many solid waste materials produced today will remain in the environment for hundreds and, perhaps, thousands of years. The creation of non-decaying solid waste materials, combined with the growing consumer population, has resulted in a waste disposal crisis. One solution to this crisis lies in recycling solid wastes into useful products again.
In the Philippines, solid waste management is a major environmental concern. Solid waste materials are generated daily from manufacturing processes, service industries, community activities and agricultural production systems. A lot of solid waste materials scattered in our surroundings such as rice hull, saw dust, coconut husk, old rubber tires, plastic containers, cellophane bags, and many more may be recycled. One way of recycling is to mix them in concrete products used in non-critical structures, like farm structures.
Farm structures are usually made of concrete; hence, are very expensive structures. The cost of these structures, however, can be reduced using concrete products made from concrete mixed with solid waste materials. The mixing of solid waste materials in concrete will make the production of concrete products cheaper.
In this study, a new kind of construction material has been developed which can be used for farm structures and other low load-bearing structures.
Objectives
Initially, this study was conducted to know only the effect (decrease/increase) of the mixing of pulverized solid waste materials in the production of concrete tiles on the flexural and compressive strengths and the material cost of concrete tiles. Specifically, this study was aimed to:
• Measure the flexural and compressive strengths of concrete tiles made from concrete with different levels of partial substitution of pulverized solid waste materials for gravel; • Identify in what treatment combination/s (type of pulverized solid waste materials and level of partial substitution) the flexural and compressive strengths of concrete tiles with pulverized solid waste materials are not significantly lower as compared to those of the concrete tiles of the control treatment; • Derive a functional relationship between the flexural and compressive strengths of concrete tiles and the different levels of partial substitution of pulverized solid waste materials for gravel; and • Find out whether the partial substitution of pulverized solid waste materials for gravel in concrete tiles is economical and/or beneficial.
Review of Related Literature
Derucher [1] stated that concrete is used in many ways and is subjected to a variety of loading conditions; hence, different types of stresses develop. He revealed that very often the dominant stresses are compressive in nature, since the material has long been known to exhibit its best strength characteristics when subjected to compressive loading. The compressive strength of concrete, one of the most important and useful properties, is indicated by the unit stress required to cause the failure of a specimen, he clarified. Heiger [2] stated that lightweight concrete are usually made from aggregates conforming to ASTM C330 produced artificially in a kiln, such as aluminized plastics, expanded clays, and shales. Reynolds et al. [3] averred that an admixture may be added to concrete mixes in small quantities but a high degree of control should be exercised. He stressed that the admixture can modify the properties of the hardened concrete. Shehata et al. [4] , in a study on the use of solid waste materials as fine aggregates substitute in concrete, concluded that granulated waste materials, such as plastics, glass, and fiberglass can be used in cementitious concrete composites without seriously hindering its mechanical properties up to composition range of 20%.
As to composition, concrete blocks/tiles are often made of 1:3:6 concrete with a maximum size aggregate of 10 mm or a cement-sand mixture of 1:7, 1:8 or 1:9. These mixtures, if properly cured, give concrete blocks/tiles a compression strength well above what is required in a one-storey building. It is indicated that pavers (tiles) should have a minimum thickness of 38 mm, and a standard thickness of 60 mm for light traffic and 80 mm for heavy traffic, though it is commonly 50 mm thick [5] . 
Research Design
The 2 × 3 factorial experiments in a completely randomized design (CRD) with three (3) replications was used to quantify the effect of the partial substitution of pulverized solid waste materials for the coarse aggregate in concrete tiles. The experiments involved three (3) levels of partial substitution (LS2-15%, LS3-30%, LS4-45%) and two (2) types of solid waste materials (PPW-pulverized plastic wrappers and PAW-pulverized aluminized wrappers). The LS1 (0% or no substitution) served as the control treatment. Hence, there were twelve (12) treatment combinations in this study, as shown in Figure 1 . The mixing proportions of the concrete tiles for the different levels of partial substitution are given in Table 1 .
Experimental Procedures

The Production of Pulverized Solid Waste Materials (SWM)
Plastic and aluminized wrappers were gathered from households and from waste disposal areas. They were cleaned and sundried. They were pulverized using a pulverizing machine from Victoria, Northern Samar.
The Production of Concrete Tiles
The concrete tiles were made following the set of procedures enumerated below:
• Tile molders, measuring 150 mm × 150 mm × 60 mm, were fabricated using plain GI sheets.
• The different concrete aggregates and the pulverized SWM were mixed using the different mixing proportions. A water: cement ratio of 5 gallons per bag was adopted for all treatment combinations.
• After thorough and even mixing, the concrete mixture was poured into the fabricated tile molders.
• Excess concrete mixture was scraped off the top surface of the molder. The molders filled with concrete mixture were covered with plywood to prevent immature hardening of the concrete tile.
• The molders filled with concrete mixture were placed on a rigid horizontal surface for 24 hours. After which, the hardened concrete tiles were removed from the molders.
• The concrete tiles were exposed to air for one (1) day and cured for 28 days by submerging them in water.
The Flexural and Compressive Strength Testing of Concrete Tiles
After the 28-day curing period, the concrete tiles were subjected to flexural and compressive strength tests at the Materials' Testing Center of the City Engineering Office (CEO), Calbayog City, Samar, using a Universal Testing Machine (UTM).
The Statistical Analyses
This study employed both the numerical comparison and the statistical techniques. The numerical comparison technique was used to compare the average flexural and compressive strengths of concrete tiles. The F-Test (ANOVA) was used to ascertain whether the numerical differences in the average flexural and compressive strengths and the average material cost of concrete tiles at different treatment combinations are significantly different. Finally, linear and non-linear regression methods were fitted into the experimental data to derive a relationship between the flexural and compressive strengths of concrete tiles and the levels of partial substitution of pulverized solid waste materials.
The Benefit Cost Analyses
Using the prevailing prices of the concrete aggregates and some important assumptions, the material cost of concrete tiles for the different treatment combinations were estimated.
Results and Discussion
Flexural Strength
The Flexural Strength of Concrete Tiles
The average flexural strength of concrete tiles with different levels of partial substitution of pulverized solid waste materials for gravel ranged 0.893 MPa (LS1 or 0 substitution) to 0.367 MPa (LS4 or 45% partial substitution) and 0.893 MPa (LS1) to 0.243 MPa (LS4) as shown in Table 2 .
The analysis of variance revealed that the variation in the average flexural strength among treatments is highly significant. The LS1 concrete tiles had the highest average flexural strength while the LS4 concrete tiles had the lowest. This simply means that the substitution of pulverized solid waste materials for gravel significantly weakened the concrete tiles.
The DMRT results indicated that the average flexural strengths of the tiles made from pure concrete (0% substitution) and the concrete mixture with 15% partial substitution of pulverized solid waste materials for gravel are significantly different. Actually, with just 15% partial substitution, the average flexural strength of the concrete tiles with pulverized clear plastic wrappers was reduced by 0.388 MPa (43.45%) while the average flexural strength of those with pulverized aluminized plastic wrappers was reduced by 0.495 MPa (55.43%). This findings show that the level of partial substitution of pulverized solid waste material for gravel strongly reduced the flexural strength of concrete tiles. Table 3 presents the average flexural strengths of concrete tiles of the different treatment combinations. The table shows that the average flexural strengths of concrete tiles with partial substitution of pulverized solid waste materials for gravel are all significantly lower than that for the control treatment (LS1). However, the concrete tiles with 15% and 30% partial substitution of pulverized clear plastic wrappers (LS2 + PCW & LS3 + PCW) have significantly higher average flexural strength than the other treatment combinations.
The Comparison of the Treatment Combinations
Relationship of Flexural Strength and the Level of Partial Substitution of Pulverized Solid
Waste Materials for Gravel The data gathered on the average flexural strength of concrete tiles with different levels of partial substitution of pulverized aluminized plastic wrappers were found to best fit the non-linear function: 
where AFS PAW is the average flexural strength of the concrete tiles at different levels of partial substitution of pulverized solid waste materials for gravel, with a correlation coefficient of 0.9696. The observed and estimated (computed using Equation (1)) average flexural strengths of concrete tiles were plotted against the level of partial substitution of pulverized aluminized plastic wrappers for gravel in Figure 2 . The equations relating the substitution level of pulverized clear plastic wrappers for gravel to the average flexural strength of concrete tiles (AFS PCW ) at the different levels of partial substitution (Ls) is: 1 3 0.87 0.1718
where AFS PCW is the average flexural strength of the concrete tiles at different levels of partial substitution of pulverized solid waste materials for gravel, with a correlation coefficient of 0.987. The observed and estimated (computed using Equation (2)) average flexural strength of concrete tiles were plotted against the level of partial substitution of pulverized clear plastic wrappers for gravel in 
Compressive Strength
The Compressive Strength of Concrete Tiles
The average compressive strength of concrete tiles with different levels of partial substitution of pulverized plastic wrappers for gravel ranged 0.392 MPa (LS1 or 0 substitution) to 0.100 MPa (LS4 or 45% partial substitution) as shown in Table 4 .
The DMRT results indicated that the average compressive strengths of the concrete tiles without substitution (LS1 or control) and those with different levels of partial substitution of pulverized solid waste materials for OALibJ | DOI:10.4236/oalib.1101187 7 January 2015 | Volume 2 | e1187 gravel were significantly different. However, the average compressive strength of concrete tiles with 15% and 30%, and the 30% and 45% partial substitutions of pulverized solid waste materials for gravel are not significantly different. These results show that the partial substitution of pulverized solid waste materials decreased the average compressive strength. Table 4 showed that the incremental decreases of the average compressive strength of the concrete tiles with 15% partial substitution of pulverized aluminized plastic and clear plastic wrappers for gravel in concrete mix are 56.62% and 54.705%, respectively. These data simply shows that even just a 15% partial substitution for gravel can greatly affect (decrease) the compressive strength of concrete tiles. Table 5 presents the average compressive strengths of concrete tiles of the different treatment combinations. It shows that the average compressive strengths of concrete tiles with partial substitution of pulverized solid waste materials for gravel are all significantly lower than that for the control treatment (LS1) except for LS2 + CPW treatment. It also shows that the average compressive strength of the concrete tiles with partial substitution of both pulverized solid waste materials (PAW, PCW) at the same levels (15%, 30%, 45%) for gravel are not significantly different.
The Comparison of the Treatment Combinations
Relationship of Compressive Strength and the Level of Partial Substitution of Pulverized
Solid Waste Materials for Gravel The relationships between the data gathered on the average compressive strength of concrete tiles with different levels of partial substitution of pulverized solid waste materials were found to best fit the non-linear function: 
where ACS PAW is the average compressive strength of the concrete tiles at different levels of partial substitution of pulverized aluminized plastic wrappers for gravel, with a correlation coefficient of 0.97. The observed and estimated (computed using Equation (3)) average compressive strengths of concrete tiles were plotted against the level of partial substitution of pulverized aluminized plastic wrappers for gravel in Figure 4 . The equations derived relating the substitution level of pulverized clear plastic wrappers for gravel to the average compressive strength of concrete tiles (ACS PCW ) at the different levels of partial substitution (Ls) is: 1 1.587 0.1821 mated (computed using Equation (4)) average compressive strength of concrete tiles were plotted against the level of partial substitution of pulverized clear plastic wrappers for gravel in Figure 5 .
Benefit/Cost Analysis
The Prices of the Experimental Materials
The prices of the concrete aggregates and pulverized solid waste materials used in the conduct of a simple benefit/cost analysis to find out whether the partial substitution of pulverized solid waste material for gravel is economical are given below:
• Cost of cement was P 215.00 per bag;
• Cost of sand was P 300.00 per cubic meter;
• Cost of gravel was P 900.00 per cubic meter;
• Pulverized solid waste material was free of charge;
• Water was free of charge.
The Material Cost of Concrete Tiles of the Different Treatment Combinations
The cost per cubic meter of concrete mixture with 0, 15%, 30% and 45% partial substitution of pulverized solid waste materials for gravel were computed to be PhP 2459.50; 2316.10; 2172.60; and 2029.15, respectively. The data in Table 6 show that substitution can reduce the cost of concrete tile by as much as 10 centavos each for every 15% increase in the partial substitution of pulverized solid waste materials for gravel.
Conclusions and Recommendations
Conclusions
Based on the results of the study, the following conclusions were drawn: • The concrete tiles with 15%, 30% and 45% partial substitution of pulverized clear plastic wrappers had average flexural strengths of 0.505, 0.414 and 0.243 MPa, respectively. On the other hand, the concrete tiles with 15%, 30% and 45% partial substitution of pulverized aluminized plastic wrappers had average flexural strengths of 0.393, 0.387, and 0.367 MPa, respectively. Generally, the flexural strengths of concrete tiles decreased as the level of partial substitution of pulverized solid waste materials for gravel was increased.
• The concrete tiles with 15%, 30% and 45% partial substitution of pulverized clear plastic wrappers had average compressive strengths of 0.328, 0.132 and 0.100 MPa, respectively. On the other hand, the concrete tiles with 15%, 30% and 45% partial substitution of pulverized aluminized plastic wrappers had average flexural strengths of 0.262, 0.164, and 0.100 MPa, respectively. Generally, the compressive strengths of concrete tiles decreased as the level of partial substitution of pulverized solid waste materials for gravel was increased.
• All concrete tiles with partial substitution of pulverized solid waste materials had numerically/significantly lower flexural and compressive strengths than that of the pure concrete tiles.
• The relationship between the flexural and compressive strengths of concrete tiles and the level of partial substitution of pulverized solid waste materials for gravel were best fitted into non-linear equations: 
Recommendations
Based on the conduct of this study and conclusions drawn, the following recommendations were drawn:
• A follow-up study considering the life span of the concrete tiles with pulverized solid waste materials exposed to continuous loading, heating or cooling, flooding, and other factors should be conducted.
• A follow-up study that will look into the weight reduction, heat transmission and seepage rate of water through concrete tiles made from concrete mixed with pulverized solid waste materials should be conducted.
• Similar studies utilizing the other types of solid waste materials should be conducted.
• A study on varying the proportion of sand mixed with concrete while maintaining the same amounts of concrete, gravel and plastic waste materials should be conducted in order to determine the behavior of the tiles in terms of flexural and compressive strengths.
